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FLIGHT OBSERVATIONS OF AILERON FLUTTER AT EIGH MACH
NUMBERS AS AFFECTED BY SEVERAL MODIFICATIONS
By dohn R. Sprelter, George M. Galster,

and George E. (Cooper

SUMMARY

During dive tests of a typical fighter ailrplane, a type
of aileron flutter occurred which was evidently associated
with high-speed flight. At a Mach number of 0,745 ths
flutter was of such intensity that no further increases of
Mach number were attempted. Data obtained during these tests.
show that, as the speed was increased from the lowest test
speed, both allerons floated upward progressively, reaching
an angle of 0.8° at a Mach number of 0.72. With further
increases of Mach number, toc the highest test value of 0.745,
the aileron angle rapidly increassed to approximately 3° up,
with the onset of flutter occurring at a Mach number of
approximately 0.73. At Mach numbers between 0.735 and 0.745
the allerons fluttered with a frequency of about 20 cyecles
Per second and attained amplitudes as large as 3°. The onset

of alleron flutter was shown to be & funetion of Mach number

but was relatively independent of sltitude, serodynamic

balance, and small changes of mass balance of the aslleron.
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When the alleron control system was modified by installing
a hydraulic irreversible unit, the onset of alleron flubtter was
delayed to a Mach number of approximatcly 0.75 and the flutter
emplitude never exeeceded 1°, which was of the same magnitude
&8 the play in the irreversible aileron control system, The
flutter freoquency was again about 20 cyclss per second, Due
to small amounts of crecep in the irreversible units, both
allerons floated up as the critical Mach number was exc¢ceded,
although the magnitude of this uplfloat was considerably losa
than that exporienced with the normal eontrol systen.

Anslysis of the available dats indicatcs that the upfloat-
ing tondeney observed at Mach numbers greater than 0,72 1s due
to the shock~induced separation on the upper surfacc boelng
groator than that on the lowor surface, The aileron flutter
appears to bo a separatc phormomenon caused by a coupling of
the variations of the positicns and intensitics of the shock
weves with the aileron motion. This coupling promotes an
aileron flutter which requires but one degroc d frecdom,

gileron rotation.

INTRGDUCTION

A type of aileron iflutter, apparently associated with .
high~spoed flight,'has been reportod to occur on several
airplancs while flying at high subsonic airspccds. Ono of the
carllest cncounters with this particular type of iluttor was

oxperienced in a fightor airplanc during high Moch numbor dilvos

[ o
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being corducted at the Ames Asronautical Laboratory. On this
occasion the aileron flutter began at a Mach number of 0.73
and became So intense at a Mach number of 0.7L45 that further
increases of airspeed were considered unsafe. The purpnpose of
the Ilnvestigation reported herein was to provide information
concerning the effect of certain airplane parameters on the
occurrence and intensity of this flutter phenomenon. Accord-
ingly, in subsequent flights, chordwise pressure distribu~
tions were measured at one wing station, and the effects of
varying the indicated airspeed, altitude, and mass and aero-
dynamic balance of the allerons were observed. PFurthermore,
a8 hydraulic lrreversible unit was installed in the aileron
control system in order to investigate the effect of this
modification upon the flutter phenomenon, Since the installa-
tion of such a unit in the control system alters the flying
gualities of an airplane, comments relative to handling

characteristies of the airplane ave included in an appendix.
DESCRIPTIOK OF AIRPLANE

The airplane utilized in this investigation is a single-~
place, single-engine, low-wing, cantilever monoprlane. A three-
view drawing of thne airplane showing the spanwise station at
which the wing pressure distribufion was obtained is shown in
figure 1. Figure 2 shows a photograph of the airplane as
instrumented during the flight tests. A sectionaol view of

the airfoll at the pressure-distribution station showing the

_,
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aileron section, balance, and seal, ls presented in filgure 3.
Since the only change in airfaoil and aileron section along the
aileron span is & slight changse in camber, this vicw may be
considered typlcal of the entire wing-aileron combination. The
general gpecifications of the wing and alleron combination are
as follows:
wing
SPAn ¢ + ¢ ¢ o o ¢ e s o o o 2 2 e e s e e s o« 38 L5 4 In
AP@O  o. v o o ¢ « o 4 s o o s s e+ e o o s s « » 248 sg It
Aspect ratio .« ¢ 4 ¢ ¢ o 4 ¢ e 0 0 6 e 0 ¢ o s e 5.93
Toaper PAtlo o ¢ o « o o o o o s a o o s » s s o« o 2:1
INCidence, TOOL o o o o o s o o o o o o o o « o o o« 1.30°
Incidence, EIP « « o « ¢ o o ¢ s ¢ o o o o o o o o =0,45°
Dihedral (top surface 35-percent chord) . . « « « & 3.67°
Sweepback (leading edZe) « « o ¢ « « « o o o « o « 5410°
MeAaCuo o o 4 o o o o o o o o o s s o o o o s o« « 6.88 1%
Airfoll root & o ¢ ¢ ¢ ¢ « . o » NACA 65,2X-116 (a = 0.6)
Airfoil, tip . « <« « . . . « . NACA 66,2X-216 (a = 0.6)

Allerons
Span (along hinge line, ecch) o ¢« ¢« « ¢« « « o « 10,063 £t
Area aft of hinge line, each .« . « +» o« « ¢« o« B¢1l43 8q It
Fixed balance arca, eachh .« « ¢« « o o o« o« o« o« 4.826 3q 't
Mass overbalance, 8CH « « « « o ¢ o ¢ s o o« 2«7 in-1b

Travel L L - L L] - L] L] L] L] L L] L L] L] L L] L4 L L L ] :E15°
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The aileron control system was of the push-pull rod typs.
The variation of alleron deflection with hinge moment, as
measured in stetic ground tests with the control stick locked,
is shown in figure lj.

The original aileron control system was modified for a
portion of the tests by installing an irreversible unit on
the rear sﬁar of the wing 2 feet inboard from each aileron
bell crank. A phobtographr of the installation is shown in
figure 5, This mechanxism, designed and constructed at the
Ames Aeronautical Laboratory, opersates on the hydraulic-
lock principle, the rclief valves being actuated only by
motions of the control -stick. Due to imperfect fluid seals,
this mechanism could rot completely lock the ailsrons; an
applied aileron hinge moment of 10 foot-pounds caused the
aileron to crecep approximately 7° per minute. In additicn,
it was possible to move the ailerons approximately 1° without
transmitting tho motlon past the irreversible unit. This
movement was traced to backlash in the rod-end bearings and
the hydraulic unit, and to distortion of the rear spar web
supporting the bell crank. The total frictlon in the aileron
control systeom with lrreversible units installed on both
allerons was equlivalent to a control force of approximately

6 pounds.
INSTRUMENTATION

Standard NACA photographically recording flight
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Instruments were used to measurc, as a function of time, tho
following variables: indicated alrspoced, pressure altitudo,
normal acceleration, control force, rolling vcloclity, ailcron
position, and chordwlsc pressurc distributions ot & wing statlon
8 feet 3 inches from the left wing tip. In early tests only tho
motions of tho loft ailoron were recorded; whoroas in later
flights the motions of both ailorons werc roccordecd. Tho alloron
position rccordcrs wero testod to dcoctormine tholr fidelity in
rocording high-frequoncy motions and wore found capablo of
recording both the corrcct amplitudc and froquency at ratos to
at least 30 cycles per sccond, tho highoest frequency tosted,
Both recordocrs wore connoctod dircctly to tho ailerons.

A swiveling pitot-static tubo, uscd for tho meoasurcment
of airspocd, was mounted on o boom extending 8 fect ahood of
the wing loading cdgo and locatod 2 feet inboord of the right
wing tip. Tho installation was calibrqtgd_for position orrTror.
Indicatod airspeced as uscd In this rceport is dofincd by tho |
usual formula by which standard acirspced motors arc calibrated.

(Sco rcforcnceo 1.)
RESULTS AND DISCUSSION

The data for the presont roport worc obtalned during divoes
starting at various altitudos. Typlcal time historics aro
Presonted. in figure 6 illustrating the ailcron fluttor oncoun-
tored with four &iffercnt configurations: (1) with production

allerons, (2) with the loft ailcron mass-underbalanced 2,0
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inch-pounds, (3) with tho aileron pressure seals removed and
the ailerons moass-balonced the same as originally (2.7 in-—1b
mass-overbalanced), ond (L) with irreversiblc units installed
in the aileron control system and with the ailerons having the
samo mass and aerodynomic balance as the production ailorons.
In the following discussion tho first three configurations will
be referrecd to simply as tho normal control system.

Although tho time historics for thoe normal control system
(figs. 6(a), 6(b) and 6(c)) show that thc flutter smplitude
was tho least when the loft allcron was mass-undorbalanced and
the groatest whon the prassurc secals were romoved, these
varlations in flutter amplitudc may clso be corroclated with
the variations of Moch number since the greator wcmplitudes
alweys occur at tio highor Moch numbors.

Purther analysis of the time historics for the normal
control systom (figs. 6(a)} through 6(c)) indicates that the
alleron fluttor phonomenon was characterizod by the following
sequence of cvents. As the Mach number was incroased boyond
0.72 both ailerons startcd flecating upwar&. At a Mach numbor
of about 0.73, an incipisnt aileron flutter occurred, which
at a slightly higheor HMach number dovelopsed a stoady frcquency
of about 20 cyeles por sccond; further increascs of Hach
number up to 0.7h5 resulted only in a greater amplitude of
the vibrations. Dospite ciranges of indicated airspoed from
365 to L60 milcs per hour, both tho onset and the disappoar-

ance of flutter alweoys ceccurred at a Moch number of about 0.73.

o
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Whilo this obsorvation is intorprctod as indicative of the fact
that thce fluttor phenomenon is independent of indlcated airspeced,
insofer as this variablo affccts cither the forces involved or
the true ailrspecd (of importance in classical fluttor), it 1s
considored that the 1ift coofficient range covercd by variatlons
of either indicated airspeccd or normal acccelerations wos in-
sufficient to arrive ot a conclusion regarding the effoct of
1ift cocfficiont. Date for another airplanc (roforoncc 2) Bhow
a dofinito reoclationship hetween the 1ift cocflficlent and tho
Mach number . corrcsponding bo tho onsct of flutter; as the 1lift
coofficlont increceascd from O to 0.80, the Mach numbor at which
fluttor occurrod decrcased from 0.790 to 0,705.

With tho lrroversiblc cilcron control systcm, throec dives
were made to the point of severc cirplane buffoting during the
cocurse of one flight. At the concluslon of this flight, it
was discovered that a large amount of play hod becn produced
in the bell-crank besrings ard the allcron attachmont fittings.
Consequently, it was not considercd safe to continuo the flight
tests and ne further developmcnt of irrceversible alloron control
systems was attcmpted. -

Records taken during the tosts with the lrrcvorsible
control system (fig. 6(d)) show thct the samoc upfloating
tendency appoared prior to the fluttor as was noted with tho
normal control system. The onset of flutter, howoveor, was
postponed to a Mach numbor of 0,75 and the amplltudec was

limited to lcss then a dogroe. It should be noted that this
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flutter amplitude (approximatsly 1°) corrosponds roughly to
the amount of play in theo irreversiblc ailcron control systom.
While the test irreversiblc control systom failed to prevont
completely the ailcron upfloat and fluttor, it is felt thab
their occurrenco was tho rosult of doflcicncics in the irre-
versible control system. Wore a complstely irreversible
control system installed, it is bolieved that no flutter nor
upfloat would occur. This bolief is substantiated by tho fact
that tho rigldly hold landing flaps wero never roportod to
flutter.

Tho variation with Moch number of thce alleron angles
measured in straight flight with the normal control systom
- is shown in figure 7. Thcse data show that at Mach numbers
greater . than 0.72, the effocts of moderate changos of altitude,
indicated airspeed, or aileron configuration are smnil in
comparison with thosec of Moch number, Simllar data for thse
irroversible control system ars not presented because, due to
creep, the ailcron angle is a function of the time rate of
change of Mach number as well a8 of the Mach number itself.
Insufficient data are available to prescnt adequately this
more complicated relationship, The time history of figure
6(d) does show, howevor, that the ailerons float upward in
a mamer quite similaer to that indicated 1n figure 7 for the
normal control system.

Chordwise pressure distributions recorded 1 and l seconds

after the start of the time history shown in figure 6(b) are

- r.
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presented in figurc 8 to show typlcal distribution§ beforo

and du-+ing the occcurrcnco of ailcron flutter. Bocause of the
damping and inortia in tho prcssure lines betweon tho orifices
in the wing and the manomotor in the tall compartment of the
fuselage, the pressure distribution recorded while tho ailcron
was fluttoring is somowhat inaccurate, but 1t doos have sig-

nificance as o mean pressurc disvribution,
- Relation Betwooen Aileron Upfloat and Flutter

It appears from an analysia of the flight data in con-
junction with tho critical Mach number data, presented in figure
9, that the upfloating tendoncy and the flutter areo the result
of two relativcly .indepandent, but rolated, phenomena. Bofore
‘examining these phonomena in detail, a discussion of figuroc 9
wlll be prosented.

The critical Mach numbers of both tho upper and lowor
surfaces of -the NACA 66,2-216 (a = 0.6) airfoil with a
15-percent~chord plain flap, which is very similar to the air-
foil and aileron combination of the test airplane, werc computod
for soveral flap doflections by the method of refererco 3 and
plotted as a function of 1lift coefficlent. In order to adjust
for tho difforeonce between theory and actuality, seovoral test
points obtained from the oxperimental prossurc distributions
arc presentod and now curves of critical Mach number for tho
test airplanc wing are estimatod on the basis of both tho

theoretical and cxperimental rosults and are shown in figurec 9

RN
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by dotted lines. The reolation botweon tho_crit;cal Moch number
of the airfoil section (as presonted in fig, 9) and the
alloron upfloat is shown in the following discussion.

An analysis of tho verlation of alloron anglc with Mach
numbor (fig. 7) in rcletion to tho clastic charactoristics of
tho normal control systom (fig. !i) shows that as tho Mach
number incroascos from 0.30 €o 0.72 at an altitude .of 10,000
feot, the acrodynamic hinge momcnt applied on the loft aileron
inercases from 3,0 tec 13.5 foot-pounds, corrcesponding to hinge-
moment coefficients of 0.005 and 0.00l, respsctively. The
rolative constﬁncy of tho hiagec-momoent coefficicent at Mach
numbers loss than 0.72 indicatea that the gradual upfloating
of the allerons in thils rcngo is essentially a function of
dynamic pressure rathor than an effect of compressibility.

With further incroascs of Mach number to 0.7L, howevor,
the mean ailoron hingc moment increasces rapldly to approx-
imately 50 foot-pounds, which, at an altitudeo of 10,000 foef,
corrcsponds to a hingo-momcnt coofficicnt of approximately
0.015, Because of tho marked change in tho hingo-moment
coefficient and becouso the allerons with tho normal control
systom always start thoir pronounccd upward movcmont atb
approximntcly the same HMack number, it is concludod that the
upfloating tondency at Mach numbors above 0.72 1s duc mainly
to an cffoct of comprossibility.

The data of figurc 9 show that for positive 1lift

coefficionts and for nogative aileron angles up to 4O, the

y ORI
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eritical Mach number of the upper surface is always less than
that of the lower -surface. As a result, the magnitude of the
shock-1induced separation on the'upper surface wlll probably be
greater than that on the lowsér surface. Therefore, since the
pressure coefficlents on the rear portlon of an airfoil on which
the flow 1s separated from the surface ars more negaetive than
they would be wilithout separation, the allerons would tend to
float upward as the critbtical Mach number is exceeded. The
actual amount of upfloat would be determined by the degree of
separation and by the elasticity of the control system.

While the foregoing discussion indlcates tnat the uplloat-
ing tendency at high Mach numbers 1ls mainly the staslc conse-
quence of the intengity of the shock-induced separation on the
upper surface being greater than that on the lower surface, 1%
is thought that the aileron flutter is a8 separate phenomenon
resulting from a coupling of the variations of the positions
end intensities of the shock waves with the alleron motlons.

As the aileron moves from 1ts mean position during the
occurrence of flutter, the relative intensities of the shock-
induced separation on the upper and lower surfaces change,
producing hinge moments tending to return the aileron to 1lts
mean posltion. Since a finite time is required for the alleron
deflectlon to affect the flow over the wing, the restoring
moments lag the sileron motions. It is possible, thererore,

to have a component of the restoring moment in phase with the

aileron velocity, promoting the continuance of an aileron
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flutter which requires but one degree of freedom, aileron
rotation. Shadowgraph plcturesl! teken In the Ames l6-foot
high-speed wind tunnel have confirmed the foregoing
hypothesis in that they show a coupling between the shock-
wave position and the alleron angle.

In contrast tc the classical flubtter problem, i1n which
the aileron flubtter is groatly alfected by the values of the
aerodynamic coefficients and tlie amount of mass halance of
the ailerons, 1t appears thiaet in a Tlutter phenomenon of the
type just described the flutter would be relatively inde-
pendent of variations of tHe dynamic and aerodynamic
characteristics of the ailerons, provided the -ailerons
remain free to rotate. Such '‘independence 1s in accord with
the experimental data prescented in this report. If the
ailsrons were not free to rotate, however, as would be the
case with a perfect irreversible control system, 1t 1s
believed that the -flutter would not oaccur and ti.é fluctua-

tions of the hinge moments would be grcatly reduced.

COrXCLUSIOHNS

The following conclusions regarding asileron flutter
wers drawn from an analysis of the datea obtained from dive

tests of a fighter airplane:

1 Data on file at this ILaboratory,

.
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l. With the normsal control systeum, both ailerons floated
upward progressively as the speed was incroased rcaching an
angle of 0.8° at a Mach number of 0.72. With further Ilncreases
of Mach number to 0,745, the deflections of both ailerons
rapldly increased to 3° up, and the flubtter started at a Mach
number of approximately Q.73.

2. With the ailleron control system modirlfied by the
installation of a hydraulic irreversible unit the Tflutter was
delayed to a Mach number of about 0.75. This system was not
completely irreversible; Lowever, backlash and distortion
permitted about 1° of aileron deflection, and fluld leakege
allowed the ailerons to crecp slowly under applied hinge
moments. Because ol this croep, an upflosting tendconecy of the
ellorons was still observed, although 1t was smaller than that
measursed with the normal control system. The smplitude of ths
flutter, less than 19, was of the same magnitude as the play
in the irreversible aileron control system.

de The flutter frogquency was approximately 20 cyclos per
second for all configurations tecsted.

4. The onset of aileron flutter was a function of Mach
number but was relatively Independent ¢f altitude, aercdynomic
balance, and small changes of mass balance of the aileron.

5. Analysis of the avallaoble data indicates that the
upflecating tendency obaserved at Mach numbers grsster than 0,72
is due to the shock-induced separation on the upper surface

belng greater than that on the lower surfece, The allsron
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flutter i1s a separate phenomenon caysed by a coupling of the
voriations of the positlons ﬁnd intensitlies of the ghock waves
with the aileron motion. This coupling promoctes an alleron
flutter which requires but one degree of frecdom, aileron

rotation.
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APPENDIX

PILOTS' OPINIONS OF THE HANDLING OUALITIES QF THE AIRPLANE
WITH IRREVERSIBLE AILERON COWTROL SYST=ZM

"hile it appears that an irreversible ailsron control
system may offer one golution ‘to tne flubtter problem, the
lack of positive stick-free lateral stabllity and the added
frictlon usually associated with lrreversible mechanisms ars
uwndegirable features from the plloter viewpoint. To determine
the degree of acceptabllity of such contyol characteristics,
the test alrplane with the irrgversible ailsron control system
Installed was flown by several sxpsriehced test pllotas and
their opinions of the lateral stabllity and contrel charactsr-
istics were noted after each rlight., These comments have been
analyzed and are gumMmariZed HBrsin” togetior with representa-~
tive quantitatlive alleron control-force data obtaincd in
abrupt rolls.

Figure 10 shows a typical time history of an abrupt
ruddsr-locked aileron roll of the test sirplane with the
irraversible sileron control system instelled. This time
history clearly shows the initial control force required to
move the ailerons and to start the roll. Once the desired
aileron deflection was reached, the control force was reduced
nearly to zero, while the Ilrreversible unit malntained the
alleron at an effectively constant setting.

From the standpolnt of the pilots, as judged from their
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comments, the undesirable characteristics of the test
irreversible ailsron control systom were the high control
friction and the fecling of stlck-free noutral lateral
stability. Theso characteristics werc most noticeabls and
disagrecoable during take-off and landing. For take-off,

they roported that the ailerons must be necutralizod by
position alone, since it was impossible to dobermino whother
or not they were noubtralized until the airplane was airborne
and theo rolling momcnt causcd by unbalanced aillerons causod

a wing to drop. The wings could be kept level only by visual
roforonce to attitude. Without devoting too muwch attontion -
to attitude, corroctive action was not applicd by the pilot
as8 scoon as would be the case if he folt positive sticke~free
lateral stability, producing a definite tendency towards over-
controlling, This tondonecy, the pllots noted, gradually
diminished as the speed was increased until, at spcods above
about 250 miles por hour, it was possible to avold over-
controlling by moving the ailerons with alow steady proessures
instead of raplid movemonts, As the specd was decrcascd for
landing, the overcontrolling tendoncy arose again and was
cven more noticeable than on take-off, becauseo more corrcctions
were usually necessary in meking the approach at low spood.
Rough air greatly aggravated the overcontrolling tendoncioes.
The application of the slow steady stick prossures that
reduced the overcontrolling tendencies at high spccds was
practically impossible at low s8peeds due to the largce aileron

i‘, . .
doflections requircd . nccossary rcstoring moment.
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Figure 5.,- The irreversible unit, as installed
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